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Abstract
It is well known that biostatistics has many field applications, being large scale used from environmental
monitoring to medical data processing. It is one of the most valuable tool in both analyse and prediction. We also have
to mention that it can bring an important contribution when multidisciplinary approach is implemented. The paper
focuses on feasibility of involving the multiregression analyse in quantification of the environmental monitoring and
also influence of the monitoring activity on plant protection management. The research was developed during April –
September 2014, and carried out within a private potato farm located in Transylvanian Plane. A bifactorial trial was
installed in experimental field. Data were processed using Statistica v. 7.0 software. The use of the multiregression
model, allows environmental monitoring data interpretation in correlation with plant protection parameters represented
by attack degree of Phytophtora infestans Mont de Bary attack degree, in this case, and contributes to implementation
of progress in plant protection management.
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1. Introduction
Statistics are large scale used in
environmental monitoring, being one of the most
valuable tool in both analyse and prediction. It can
bring an important contribution when
multidisciplinary approach is implemented. Thus,
inferential statistics is and useful instrument when
we need simple details about certain data, or more
complicated answers which involve testing
hypothesis, effect measurements generation, risk
rates, describing associations and/or correlations
among two or more different factors, modelling





In this respect, we consider useful to
underline the importance of point estimates, which
measure the correlations (associations) between
data, but also effects magnitudes [1].
A series of work packages are available
worldwide, which use this approach [3, 5].
In this respect, important contribution may be
brought by implementation of multiregression
analyse in environmental monitoring analyses.
The model involves two or more variable,
which are explanatory, and one variable of response.
A linear equation is obtained, and it is fitted to
observational data [1, 2, 4, 5].
The independent variable, usually noted x, is
associated with the value of the dependent variable,
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The regression line obtained for the number
of i independent (explanatory) variables, meaning
x1, x2, … , xi may be expressed as follows:
The equation reflects the changes of the mean
response μy function of independent (explanatory)
variables. The values of the independent variable y
have different values around their mean μy, but they
have the same standard deviation σ.
The parameters of the independent variables
β0, β1, ... , βi are estimated by the fitted values noted
b0, b1, … , bi.
Thus the multiple regression model may be
expressed as follows:
DATA = FIT + RESIDUAL
where:
FIT – β0
RESIDUAL – deviations of the dependent
variable y value from its mean μy with
normal distribution, with mean equal to 0
and variance σ.
The model deviations are noted with ε.
The usual representation for the multiple
linear regression for j observations is given by the
equation:
for j = 1, 2, … , k.
An important approach in variance analysis
is the least-squares model. By minimizing the sum
of the squares calculated for the vertical deviations
correspondent to each data (for points laying on the
fitted line exactly, for which vertical deviation is
equal to 0), we can calculate the best fitting line for
the independent data (y).
Within this approach, first of all, the
deviations are squared, then their sum is calculated.
In this way, both positive and negative values are
taken into consideration.
Usually, ŷ denoted the sum of the fitted
values:
ŷj0 =
and the difference between the dependent and
independent values, the residuals ej, as follows:
ej = yi – ŷi0
while the variance σ2 is usually estimated by the
relationship:
The sun of the residuals is equal to 1.
The variance s2 is also known as the mean
squared error (MSE), and its square root represents
the estimate of the standard error s [1, 3]
These data are usually calculated by
computer, sometimes using sophisticate
computational techniques [2, 3, 4, 5, 6].
In this article we focus the feasibility of
involving the multiregression analyse in
quantification of the environmental monitoring and
also influence of the monitoring activity on plant
protection management - Phytophtora infestans
Mont.de Bary (which produces late blight disease in
Solanaceae cultures)  attack against potato cultures
in Transylvanian Plane of Romania.
2. Material and Method
The research was developed during April –
September 2014, and carried out within a private
potato farm located in Transylvanian Plane, Poienii
Village, county of Cluj, respectively - 47° 04’ 14 N,
and 24° 00’ 0E.
A bifactorial trial (treatment and clime) was
installed in experimental field. It was organized in
three variants (plots):
 control variant (untreated) – Plot 1,
 variant treated with Infinito 687.5 SC –
Plot 2, and
 variant treated with Alcupral 50 PU –
Plot 3.
Automatic multiparameter monitoring station
for clime parameters recordings was located in field.
In our study, we use the temperature (ºC) and
humidity (%) data.
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The intensity (I) and frequency (F) of
Phytophtora infestans Mont.de Bary attack were
weekly recorded in order to calculate the
correspondent attack degrees – AD (AD% = F x I
/100). Redsec semilate potato variety, obtained from
Târgu Secuiesc Potato Research Station, was used
as biological material. Usual classic treatments were
administered, Infinito 687.5 SC (S.C. Bayer S.A.)
and Alcupral 50 PU (Alchimex S.A. Bucureşti),
respectively, were administered.
Multiregression analyse was implemented in
order to emphasize the interaction between
monitored climatic parameters, Phytophtora
infestans Mont.de Bary attack degrees recorded in
control and conventionally treated potato cultures.
Data were processed using Statistica v. 7.0
software [7].
3. Results and Discussions
The implementation of the multiregression
model for quantifying the results of the monitored
climatic parameters temperature (ºC) and humidity
(%) in control variant and experimental treated
variants of the analysed potato cultures, also allow
the graphic representation of all these interactions,
which facilitate the interpretation of results (Fig, 1,
Fig 2, Fig, 3).
Thus in control, the variance analyse
emphasize the values obtained for sum of squares,
mean squares, and also the F value (0.141) and p
value (0.869), which indicates that the influences are
of low intensity.
It demonstrate that interaction is not
statistucally assured at threshord of 5% (Table 1).
Table 1. The variance analysis applied to the interaction between the Phytophtora infestans Mont. de Bary average
attack degree in Redsec potato variety and climatic conditions in control variant – Plot 1, 2014
Effect Sums of Squares df Mean Squares F p-value
Regression 1.73887 20 0.869437 0.141495 0.869614
Residual 67.59102 55 6.144638
Total 69.32989
The multiregression analyze shows a weak correlation coefficient (R = 15.80%), representative only
for 2.50% of sample (Table 2). Thus, in conditions of untreated control variant (Plot 1), the multiregression
analyse demonstrates that climatic conditions represented by temperature (ºC) and humidity (H%), recorded
during experimental year, have low influence on attack degree of Phytphtora infestans Mont de Bary against
Redsec potato variety, cultivated in Transilvanian Plane.
Eve though, the graphic representation (Fig. 1) emphasizes that in same cultural conditions (lack of
phytosanitary treatment) the Redsec potato variety could have a different behaviour when climatic condition
changes. Thus at average seasonal temperatures higher than 14 ºC and humidity over 90%, the late blight
attack egree could be strongly influenced by these parameters, and could reach values of more than 22%.
Table 2. The statistical parameters characterizing the interaction between the Phytophtora infestans Mont. de Bary
average attack degree in Redsec potato variety and climatic conditions in control variant – Plot 2, 2014
Statistic parameter b* Standard Error of b* b Standard Error of b t p-value
Intercept 13.34193 9.500429 1.404350 0.187816
Temperature (ºC) 0.175117 0.329544 0.18095 0.340530 0.531392 0.605711






Standard Error of Estimate 2.478
In the experimental variant treated with
Infinito 687.5 SC, the variance analyse, also
emphasize the values obtained for sum of squares,
mean squares, and also the F value (2.686) and p
value (0.112). It demonstrate that, in this case too,
the interaction is not statistucally assured at
threshord of 5% (Table 3).
The multiregression analyze emphaisizes, this
time, an average multiple correlation refected by the
value of the correlation coefficient (R = 57.20%),
representative for 32.80% of sample (Table 4).
Thus, in conditions of variant phytosanitary treated
with conventionally use product Infinito 687.5 SC
issued by Bayer (Plot 2), the multiregression analyse
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demonstrates that climatic conditions represented by
temperature (ºC) and humidity (H%), recorded
during experimental year, have average influence on
attack degree of Phytphtora infestans Mont de Bary
against Redsec potato variety, cultivated in
Transilvanian Plane.
The graphic representation (Fig. 2)
emphasizes that in same cultural conditions
(treatment with Infinito 687.5 SC) the Redsec potato
variety evolution in culture, could have a different
behaviour compared to untreated control. Thus, they
are strongly influenced by climatic parameters. At
average seasonal temperatures higher than 12 ºC and
humidity over 78%, the late blight attack degree
could be strongly influenced by these parameters,
and could reach values of more than 6%.
Figure 1. The interaction between the Phytophtora infestans Mont. de Bary average attack degree in Redsec potato
variety and climatic conditions in control variant – Plot 1, 2014
Table 3. The variance analysis applied to the interaction between the Phytophtora infestans Mont. de Bary average
attack degree in Redsec potato variety and climatic conditions in control variant – Plot 2, 2014
Effect Sums of Squares df Mean Squares F p-value
Regression 0.608321 20 0.304161 2.686130 0.112218
Residual 1.245572 55 0.113234
Total 1.853893
Table 4. The statistical parameters characterizing the interaction between the Phytophtora infestans Mont. de Bary








Intercept 4.670055 1.289683 3.62109 0.004019
Temperature (ºC) 0.197682 0.273571 0.033404 0.046227 0.72260 0.485006
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Figure 2. The interaction between the Phytophtora infestans Mont. de Bary average attack degree in Redsec potato
variety and climatic conditions in in variant treated with Infinito 687.5 SC, 2014
The variance analyse emphasize, in potato
cultures treated with Alcupral 50 PU, that the values
obtained for sum of squares, mean squares, and also
the F value (0.331) and p value (0.791), characterize
the bihaviour of the. It demonstrate that interaction
is not statistucaloly assured at threshord of 5%
(Table 5). Similarly with situation recorded in
control the climatic influences are low.
Table 5. The variance analysis applied to the interaction between the Phytophtora infestans Mont. de Bary average
attack degree in Redsec potato variety and climatic conditions in control variant – Plot 3, 2014
Effect Sums of Squares df Mean Squares F p-value
Regression 0.408321 20 0.002176 0.331489 0.791
Residual 0.245572 55 0.0453231
Total 0.653893
The multiregression analyze shows a weak
correlation coefficient (R = 20.90%), representative
only for 4.00% of sample (Table 6).
Thus, in conditions of untreated control
variant (Plot 3), the multiregression analyse
demonstrates that climatic conditions represented by
temperature (ºC) and humidity (H%), recorded
during experimental year, have low influence on
attack degree of Phytphtora infestans Mont de Bary
against Redsec potato variety, cultivated in
Transilvanian Plane. The graphic representation
(Fig. 3) emphasizes that in cultural conditions,
which include the conventiona treatment with
Alcupral SC product, the Redsec potato variety
evolution in culture, have a behaviour compared to
variant treated with Infinito 687.5 SC, even the
multiple correlation is low, similar to untreated
variant. The attacj degree is weak influenced by
climatic parameters. In this case, whatever seasonal
temperatures and humidity over 70%, the late blight
attack degree could be strongly influenced by these
parameters, and could reach values of more than
4%, while high temperatuures and humidity seems
to have no effect on late blight attack.
Thus, the multiregression analyze make
possible the differntioation of monitored climatic
condition effects on late blight attack adegree upon




ODAGIU Antonia et al./ProEnvironment 7(2014) 247- 252
Table 6. The statistical parameters characterizing the interaction between the Phytophtora infestans Mont. de Bary








Intercept 5.976383 2.721477 2.196007 0.050437
Temperature (ºC) -0.183412 0.326329 -0.054826 0.097548 -0.562046 0.585355






Standard Error of Estimate 0.710
Figure 3. The interaction between the Phytophtora infestans Mont. de Bary average attack degree in Redsec potato
variety and climatic conditions in in variant treated with Alcupral 50 PU, 2014
4. Conclusion
The environmental monitoring data
interpretation in correlation with plant protection
parameters represented by attack degree, using
multiregression model, allows implementation of
progress in plant protection management. It can be
achieved by possibility of results integration in an
efficient manner by assessing the impact of multiple
independent monitored environmental variables on
attack degree dependent variable, reducing time for
data processing, and also enhancing efficiency of
protection methods and improvement of managerial
techniques of plant protectionists.
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